While the inorganic nature of Eozoon has long been established and Eozoon is no longer of scientific interest, the controversy has significance for the history of science.
It provides an example of the manner in which every aspect of nineteenth-century paleontology was scrutinized for its bearing on evolution. It is also a classic case of the confrontation of younger specialists with each other and with the older generation of broadly trained "naturalists."
There were two chief reasons for the persistence of the dispute. Most obvious and most important was the inability of early paleontology to settle the matter. The second reason, seldom stated by the disputants, was the significance of Eozodn in the larger issue of derivation of species. For, were Eozoon proved to be organic, evolutionists would be confronted with the most impressive of all gaps in the paleontological record, a gap that would give pause to even the most ardent evolutionist. On the other hand, if this gap were successfully explained or overcome by the finding of subsequent forms related to Eozoon, the evolutionists could rejoice in having found, at the earliest date of known animal life, the simplest form of life, a form reasonably akin to the "one primordial form" of Darwin's speculation.' In short, there was something at stake for both sides in the greater scientific controversy.
Darwin himself was interested in Eozoon and its promise for his position. He introduced Eozoon into the fourth edition of The Origin of Species: "After reading Dr.
Carpenter's description of this remarkable fossil, it is impossible to feel any doubt regarding its organic nature.'2 Darwin cited Eozoon in his famous tenth chapter, "On was noticed. The slices were then brought to J. William Dawson, the Principal of McGill University and a prot&ge of Sir Charles Lyell. Dawson was already well known for his classic study, Acadian Geology. The McGill geologist confirmed the presence of organic remains and identified the fossil as a foraminifer, hundreds of times larger than any of the microscopic Foraminifera yet found6:
I have had the happiness to submit these remarkable specimens to microscope examination, at the request of Sir W. E. Logan, and have arrived at the conclusion that they are of animal nature, and belong to the very humblest type of animal existence known, that of the Rhizopods, though they far outstrip in magnitude any known modern representative of that group. The discovery of this remarkable fossil, to be known as the Eozo6n Canadense, will be one of the brightest gems in the scientific crown of the Geological Survey of Canada.7
Dawson's identification, confirmed by the leading authority on Foraminifera, King and Rowney published an article in the Quarterly Journal of the Geological Society of London, "On the So-called 'Eozoonal Rock."' The Irish mineralogists confessed to being "zealous advocates at one time of the organic origin" of Eozodn; however, "after a prolonged investigation" they believed themselves "under the necessity of totally relinquishing that opinion."10 King and Rowney were led to this position by a careful comparison of Eozoon with known pseudomorphs. They pointed out, for example, that the alleged "chamber casts" of Eozodn were more or less simulated by chondrodite, coccolite, and pargasite, that the "proper wall" was structurally identical with "the asbestiform layer which frequently invests the grains of chondrodite." They further argued that the "canal system," regarded as conclusive evidence by Dawson Thus began the controversy, with relatively good humor and with full faith and credit given to the observations and intentions of opponents. The controversy was destined to be prolonged-to outlive in fact all of the original participants.The decorum lasted only a few months.
The lines of the ensuing dispute were clearly drawn in these early papers. The
Eozoonists13 had been challenged to produce unassailable specimens and subsequently did, or thought they did. In turn, they insisted that King and Rowney and their partisans show more than mineralogical analogies for "eozoonal structure." They demanded a convincing explanation of the inorganic origin of Eozodn. How, they asked, did these different minerals come to take the same form?
The Eozoonists produced the "unassailable specimen" almost as King and Rowney were writing; they also produced a new variety of Eozoon from Europe. In 1866 the Director of the Geological Survey of Bavaria, C. W. Guimbel, announced the discovery of specimens of Eozodn. These specimens showed the typical alternation of calcareous and siliceous layers; they were much smaller than the Canadian specimen and were found in more recent rocks, either Huronian or Cambrian. These considerations led Giimbel to name a distinct variety, Eozoon bavaricum, a variety which was immediately accepted by the supporters of Eozodn.14 The anti-Eozoonists questioned the Bavarian specimens as much as they did the Canadian. However, it was assumed by all that a specimen obtained from relatively unaltered rocks and completely preserved in one mineral substance would show for all time the organic origin of Eozoon. Such a specimen was found in the summer of 1866, according to the Eozoonists.
The "Tudor specimen" was collected by G. H. Vennor of the Geological Survey of Canada between Kingston and Lake Ontario in Hastings County, Ontario. According to Sir William Logan, the Tudor limestone was comparatively unaltered and the fossil form was preserved entirely in limestone, without the presence of serpentine or other silicate. This specimen was not preserved deeply in the rock; and though, according to Logan, it showed Eozoon structure, the structure was "somewhat obscure." 15
Somewhat obscure or not, Dawson was convinced that in the Tudor specimen the Eozoonists had all that they would need to prove their case. He wrote that this discovery furnished "a conclusive answer" to those who proposed a mineralogical origin 13 This term entered the dispute a few years later; I have taken the liberty of appropriating it simply for convenience of expression.
14 "Notes," Am. J. Sci., 1867, 2nd ser., 43:398. King and Rowney did not think so, and they were soon joined by others. T. Mellard
Reade, a well-known glaciologist who worked on a broad range of geological problems, writing to the editor of Nature, noted that the Tudor specimen represented the first truly new element in the discussion in five years:
The specimen from Tudor has to be disposed of; nor will this be difficult, for it is altogether a lame affair. It is admittedly not from an unaltered rock, so it is difficult to see even how it bears on the question. The distinctive features are also obscure, and the chambers not of the usual form and proportion. To call this Eozoon canadense, and the bring it forward as closing the discussion, is an amusing piece of controversial skill. When it is more certainly coordinated with the original specimens, it will be time to discuss it. I simply ask, would it have been pronounced organic, had it been the only variety discovered? I think not.'9 IV It was at this point that the Eozo6n controversy took an unpleasant, personal tone. "Lame affair," "defective observation" became typical of the tone adopted by the disputants. King As far as Reade could make out, the whole dispute centered on the question of the "nummuline layer." No evidence had been produced, in his view, to show that this structure differed from a similar structure in the ophites cited by King and Rowney.
Until this evidence was brought forth, the question could not be dismissed as "wholly irrelevant," as Dawson had done. Dawson's attitude, said Reade, put the Eozoonists in the position of holding that when the structure occurred in an "unlooked for" location it was an imitative form,32 but when it occurred in an expected locality it was a fossil. 33
As far as the Tudor specimen was concerned, Reade repeated his statement that even Dawson's description of the specimen admitted that "merely traces of structure"
were shown by the microscope. 32 The text of Reade's letter actually reads "initiative forms," but this is almost certainly a typographical error. 33 Ibid. 34 The text actually reads "Madoe," but again this is certainly a typographical error. The response made by King and Rowney to these sallies was heavy with suspicion.
They noted, for example, that descriptions of the Tudor specimen were very vague and general; the clear implication was that Dawson and the Eozoonists had accepted the specimen carelessly or were attempting to base their case on a specimen that they knew would not bear close analysis.4' The two Irish scientists repeated a number of the objections they had previously raised-objections that still stood, in their opinion.
The "nummuline layer" occurred "unmistakably" in ophite; the so-called stolons were merely crystals; the canal system was completely paralleled in known crystals. They denied that the canal system showed any regularity.42 They also pointed out that the particular minerals composing the siliceous layers in Eozoon-serpentine, loganite, and malacolite-"have a close pseudomorphic relationship, and may therefore replace one another in their naturally prescribed order." This relationship was almost cer- But in fact the whole was set up for our January no., and so stood, until we found that w had overrun our number and had to reduce it. Hence this second notice will not be taken as evidence that we are here becoming altogether sceptical about the Eozoon. The part now cited is the Appendix to the paper and it seems to have especial interest to Americans as it treats of the minerals of some American localities.44
The American "minerals" mentioned by Dana were chiefly specimens of Eozodn was not really stratified, he said; while it might appear "on casual inspection" to be stratified or laminated, it was really foliated. In Perry's opinion these rocks were not "in any degree made up of organic remains."46 From this he went further to conclude that the "'Eozoon' of Chelmsford is not an organic structure" and that " 'Eozoon' properly belongs to the department of Mineralogy, and not, as has been claimed, to King and Rowney chided Carpenter for using inaccurate, deceiving drawings of modern Foraminifera. Their specific charge was that Carpenter had borrowed old figures by two French scientists, D'Archiac and Haine, which showed a resemblance between Eozoon and nummulites, but which were widely known to be in error. 54 Carpenter responded by again citing the "score or so competent observers" who did. promptly withdrew from the discussion: "As I should now no more think of attempting to convince the Galway 'infallibles' than of trying to convert the Pope, I leave them Eozodn's testimony on Darwinism was not merely negative, according to Dawson. It was powerful evidence for the endurance of species. When we consider Eozoon's endurance, "we acquire a most profound impression of the persistence of the lower forms of animal life, and know that mountains may be removed and continents swept away and replaced, before the least of the humble gelatinous Protozoa can finally perish."59 For Dawson, this was convincing evidence of the solicitude that God showed for all of His creatures. Since Eozoon was a gigantic foraminifer, far surpassing any modern species of Foraminifera in size, it taught us that lower forms may be introduced "in some of their grandest modifications as to form and complexity" and subsequently decay and degenerate. However, with the exception of Perry's short article no American or European had made an original scientific contribution to the dispute. This situation changed sharply between 1875 and 1880. Two German zoologists, Otto Hahn and Karl Mobius, became involved in the Eozoon controversy, and the center of opposition to the organic theory of Eozoon's origin shifted from Galway to Kiel.
Hahn had gained notoriety with a theory that the presence of graphite in meteors was evidence of life in outer space. He began his investigation of Eozoon much less sensationally-with the simple question: "Is there such a thing as Eozoon Canadense ?" He, too, had doubts about the nature of Carpenter's studies and wanted to begin again with what he called a "microgeological investigation." 67 Hahn was skeptical about Eozoon for a number of reasons. He noted the coincidence between more extensive use of the microscope in geology and the discovery of EozoYn and implied that inadequate techniques of microscopy had "created" Eozoon.
He also pointed out the relation between the disputed fossil and evolution: "The Darwinian theory wanted a cornerstone; and there it was."68 In Hahn's view, the presumption was always in favor of the inorganic origin of any part of a rock, especiallymetamorphosed rocks. He argued that despite the affinities suggested by Dawson and Carpenter, nothing really close to Eozoon had been found. "Individual parts of Eozoonstructure are only to be recognized in different kinds of Foraminifera."69
Hahn also offered the first systematic theory for the inorganic origin of Eozoon.
According to him, serpentine was a product of metamorphosis; serpentine "everywhere" occurred in association with limestone, "so that alternate layers of the two substances cannot be in the least surprising."70 Hahn's theory was that serpentine resulted from the decomposition of another common silicate, olivine; this decomposition produced both the serpentine and the threads of chrysotile on the edge of the alternating layers. These threads gave the appearance of organic form. 71 Hahn's attack on the organic theory drew a response from Carpenter, who chose the occasion to note that he had not "withdrawn from the Eozoic contest," as several people had inferred from his letter to the editor of the Annals and Magazine of Natural History in 1874. It was not the contest he eschewed; it was King and Rowney: "I simply decline to continue it with them."72 As far as Hahn was concerned, Carpenter complained that Hahn had not read some of the more recent literature on Eozoon.
While the presumption favored the inorganic origin of structures found in most rocks, calcareous rocks were exceptions; in these, said Carpenter, the presumption was of organic origin.73 He also disputed Hahn's contention that there were no known species to which Eozodn had clear affinities. One of Hahn's fellow German researchers, Karl Mobius, had recently found a new species of Foraminifera, Rhapidodendron album, which, according to Carpenter, had unquestioned affinities to Eozoon.74 In citing Mobius' discovery in support of the organic theory, Carpenter received a much greater response than he expected or, as things turned out, wanted. Mbbius, Professor of Zoology at Kiel and a specialist in Foraminifera himself, promptly became interested in the question of Eozoon's origin. On April 27, 1876, he wrote to Dawson expressing some doubts about Eozoon (although at the time he was a believer in the organic theory). He asked Dawson for some specimens in order to pursue a detailed study of the alleged fossil.75 With fabled German thoroughness, Mobius determined to observe for himself the alleged affinities between Eozoon and various Fora-minifera "in order to form his own judgment" regarding its nature.76 He examined some ninety sections of the specimens which were placed at his disposal by Dawson and Carpenter, the very sections that had led these two scientists to pronounce in favor of organic origin.77
Mbbius' investigation began with the patches of serpentine which in the Eozoonist analysis provided the filling for the chamber that had held the flesh of the organism and which, therefore, should have been nearly the same size and shape as the interior of Eozoon. However, Mobius found that "the relative sizes of the serpentine patches vary very much"; in some cases the variation was of the order of thirty times. This variation also extended to shape. In Foraminifera, said Mobius, the fundamental form was reproduced again and again in a manner that pointed toward the same law of formation for all chambers. According to Mobius, Eozoon showed none of these similarities of form.78
In Foraminifera, canals pass through the chamber wall to allow pseudopods to obtain nourishment for the organism from the water outside. These canals take the shortest route to the water and hence tend to lie at right angles to the inner surface of the chamber. This pattern, according to Mbbius, was "manifest even with the simplest forms of foraminifera."79 In Eozodn, however, such a pattern was "altogether missing." The alleged canals occasionally showed a pattern of parallel structure, but this was evidence of inorganic rather than organic origin, since the canals, although parallel, showed no organic relation between the chamber and outside environment. The criticism that Dana was willing to publish struck a familiar note. Mobius was "a zoologist, a good microscopist, fairly acquainted with modern foraminifera, and a conscientious observer."82 He did not, however, have sufficient geological background to evaluate the alleged fossil properly. He was not able to study the fossil in situ, and he 76 Karl A. Mobius, "Professor Moebius on the Eozoon Question," Nature, 1879, 20:272. This article was published in two sections in consecutive issues of Nature. It is, in fact, a lengthy abstract of M6bius' German work "Der Bau des Eozoon had only a limited number of specimens. Mobius had drawn only "portions" of Eozoon, thereby creating a misleading view of the fossil. The "fatal defect" in Mobius' analysis, said Dawson, was the failure to consider the cumulative force of the particular pieces of evidence. No single aspect of Eozoon was conclusive, but the combination of reasonable possibilities added up to a probability.
Specifically, Dawson had in mind the following facts: Eozoon did show at least a general resemblance to modern Foraminifera; it showed a chamber wall much like that of extinct nummulites; it showed canal structure; these canals were filled with different minerals. Dawson also pointed out that opponents often had poor specimens, specimens circulated by "dealers or injudicious amateurs." "The memoir of Professor Mobius affords illustrations of ... these difficulties in the study of Eozoon."83 Difficulties were to be expected with fossils so old; in Dawson's view, the remarkable fact was that the structure was preserved at all.84
In relation to Mobius, Dawson pursued much the same course that he and Carpenter had earlier followed with King and Rowney. The first step was to deny the competency of their opponents; the next step was to cite evidence that was not available to the dissenters. The Eozoonists would then shift the burden of proof to the other side. Only as a last resort did they confront the opposition directly. No one should be able to do so better than he. It was he who described the Eozoon Canadense as an organism ... I could not, indeed, have wished for a more experienced reviewer, to show me where I had fallen into error. 85 Mobius disposed of Dawson's insinuations one by one. He was very familiar with fossil as well as living Foraminifera. As far as specimens were concerned, Dawson's criticism was ill-advised. Mobius wrote: "Not a single one of all the specimens of Eozoon, which I studied, came from the hands of 'dealers or injudicious amateurs' but all directly or indirectly from Messrs. Dawson Nicholson began an investigation of his own, however, rather than reworking Carpenter's manuscript. The manuscript was never published. Neither were the results of Nicholson's research. His letters to Dawson indicated a general belief in the organic origin of Eozodn, but one has the impression that Nicholson was not willing to stake his reputation publicly. Nicholson's letters were concerned primarily with the defects of EozoYn's opponents. He wrote to Dawson on March 3, 1888: "I have been working further at Eozodn lately and feel bound to say that the more I go into it the more friend telling him that after the reading of his paper "there were as many unbelievers as ever."94 There were as many unbelievers as ever on the other side of the Atlantic as well. In This paper showed evidence that the laminated form of Eozoon was a "mechanical development" and that the alleged fossil itself was formed by the contact of Grenville limestone with igneous intrusives. 100
The Eozoon controversy is another example of the uncomfortable position of nineteenth-century science. During this century, in the field of geology alone, dozens of organized surveys made discoveries which challenged existing attitudes and opinions.
Eozoon was one such discovery, the product of the Geological Survey of Canada. It was also in a very real sense the product of improved microscopes. Many of the difficulties over Eozoon were minor reflections of the problems involved in applying a new technology to the results of the great surveys. In this, as in many other areas, nineteenth-century science was sufficiently advanced to raise such questions, but insufficiently developed to settle them.
